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(54) Resist processing method and resist processing system 



(57) A resist processing method for introducing a 
pressurized gas into a vessel 1 storing a processing 
solution, sending the processing solution from the ves- 
sel 1 to a nozzle 12 by way of a supply line by means of 
the pressurized gas. and supplying the processing solu- 
tion from the nozzle 12 to a substrate W. the method 
comprising the steps of (a) providing a deaeration 
mechanism (1 Oa, 1 0b) to the supply line, the deaeration 
mechanism having a gas-liquid separation membrane 
64a and a vacuum evacuation line (51 - 53). (b) intro- 
ducing the pressurized gas Into the vessel to send out a 
processing solution from the vessel into one side por- 
tion of the gas-liquid separation membrane through the 
supply line, (c) evacuating the other side portion of the 
gas-liquid separation membrane through the vacuum 
evacuation line 51 to set the pressure of the other side 
portion of the gas-liquid separation membrane within a 
saturated vapor pressure of the processing solution, 
permitting a liquid component dissolved in the process- 
ing solution to migrate from the one side portion to the 
other side portion, thereby removing a gaseous compo- 
nent from the processing solution before the solution is 
supplied to a substrate (deaeration step), (d) discharg- 
ing the processing solution present in the supply line 
between the deaeration mechanism and the nozzle, 
and introducing the processing solution deaerated in 
the deaeration step into the supply line between the 
deaeration mechanism and the nozzle, (e) supplying 



the deaerated processing solution to the substrate by 
expelling the deaerated processing solution from the 
nozzle 12, and (f) rotating the substrate relative to the 
nozzle to form a liquid film of the deaerated processing 
solution between the nozzle 12 and the substrate. 
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Description 

The present invention relates to a resist processing 
method for coating a resist on a substrate such as a 
semiconductor wafer and an LCD substrate, and devel- s 
oping the coated resist, and also relates to a resist 
processing system. 

In the photolithographic process of a semiconduc- 
tor device and a liquid crystal display device, a desired 
circuit pattern is formed by coating a resist on a semi- io 
conductor wafer and a substrate tor a liquid crystal dis- 
play (LCD), exposing the coated resist to light and 
developing the exposed resist with a developing solu- 
tion. In the developing process, a earner gas (pressu- 
rized N2 gas) Is first introduced into a tank containing is 
the developing solution. The developing solution is sent 
out from the tank by the gas pressure by way of a supply 
line to a nozzle. Finally, the developing solution is 
expelled from the nozzle onto the substrate. 

In such a developing process, the developing solu- 20 
tion must be uniformly supplied over the entire substrate 
surface in a short time to prevent non-uniform develop- 
ment. If the developing solution is supplied quickly from 
the tank to the nozzle by increasing the pressure of the 
earner gas. a large quantity of the carrier gas dissolves 25 
in the developing solution, or ambient air gets involved 
into the developing solution which is supplied from the 
nozzle. As a result, air bubbles are readily formed in the 
developing solution supplied to the substrate. The air 
bubbles attach to a substrate surface, preventing the 30 
exposure of the coated resist to the developing solution. 
This is a cause of the defect, "undeveloped portion of a 
resist'. To avoid this, a deaeration apparatus has been 
used to separate and remove a gaseous component 
from the developing solution before the solution is sup- 35 
plied to the substrate. 

However, conventional methods for removing the 
gaseous component from the developing solution have 
problems. First, a liquid component acting as an active 
ingredient of the developing solution is removed 40 
together with the gaseous component. The amount of 
this liquid conponent cannot be negligible. As a result, 
the concentration of the developing solution changes, 
varying tine quality of the developing process. Second, 
in the case of the developing-solution deaeration appa- 45 
ratuses conventionally used, when a vacuum evacua- 
tion line of the deaeration mechanism is contaminated 
with the liquid component (an active ingredient in the 
developing solution), the evacuation capacity of the 
deaeration mechanism decreases, lowering the evacu- so 
ation rate. Furthermore, tiie vacuum evacuation line 
itself becomes contaminated with the liquid component. 

An object of the present invention is to provide a 
resist processing method capable of sufficiently remov- 
ing a gaseous component from a processing solution ss 
such as a developing solution without changing the con- 
centration of the processing solution. Anotiier object of 
the present invention is to provide a resist processing 



system capable of efficiently removing a liquid compo- 
nent introduced into a vacuum evacuation line of a 
deaeration mechanism. 

The resist processing method according to the 
present invention is a mettiod for introducing a pressu- 
rized gas into a vessel storing a processing solution, 
sending the processing solution from the vessel to a 
nozzle by way of a supply line by means of the pressu- 
rized gas, and supplying the processing solution from 
the nozzle to a substrate, 

the metiiod comprising the steps of: 

(a) attaching a deaeration mechanism to the supply 
line, the deaeration mechanism having a gas-liquid 
separation membrane and a vacuum evacuation 
line; 

(b) introducing the pressurized gas into tfie vessel 
to send out a processing solution from the vessel 
into one side portion of tiie gas-liquid separation 
membrane through the supply tine: 

(c) evacuating tiie other side portion of the gas-liq- 
uid separation membrane through the vacuum 
evacuation line to set tiie pressure of tfie otiier side 
portion of the gas-liquid separation membrane 
within a saturated vapor pressure of the processing 
solution, permitting a liquid component dissolved in 
ttie processing solution to migrate from tiie one side 
portion to tiie ottier side portion, tiiereby removing 
a gaseous component from tiie processing solution 
before tiie process solution is supplied to a sub- 
strate (deaeration step); 

(d) discharging the processing solution present in 
tiie supply line between the deaeration mechanism 
and the nozzle, and introducing ttie processing 
solution deaerated in the deaeration step (c) into 
tfie supply line between the deaeration mechanism 
and the nozzle (processing solution replacing step); 

(e) supplying tiie deaerated processing solution to 
tfie substrate by expelling the deaerated processing 
solution from tfie nozzle; and 

(f) rotating the nozzle relative to tiie substrate to 
form a liquid film of the deaerated processing solu- 
tion between the nozzle and tiie substrata 

The resist processing metiiod according to the 
present invention Is a metiiod for Introducing a pressu- 
rized gas into a vessel storing a processing solution, 
sencfing the processing solution from the vessel to a 
nozzle by way of a supply line by means of tiie pressu- 
rized gas. and supplying the processing solution from 
tiie nozzle to a substrate. 

the resist processing metiiod comprising the 
steps of: 

(A) attaching a deaeration mechanism to the supply 
line, the deaeration mechanism having a gas-liquid 
separation membrane and a vacuum evacuation 
fine; 
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(B) introducing a pressurized gas into the vessel to 
send out the processing solution from the vessel 
into one side portion of the gas-liquid separation 
membrane through the supply line; 

(C) evacuating the other side portion of the gas-iiq- s 
uid separation membrane through the vacuum 
evacuation line to set the pressure of the other side 
portion of the gas-liquid separation membrane 
within a saturated vapor pressure of the processing 
solution, permitting a liquid component dissolved in io 
the processing solution to migrate from the one side 
portion to the other side portion, thereby removing 

a gaseous component from the processing solution 
before the process solution is supplied to a sub- 
strate (deaeration step); is 

(D) discharging the processing solution present in 
the supply line between the deaeration mechanism 
and the nozzle, and introducing the processing 
solution deaerated by the deaeration step (C) into 
the supply line between the deaeration mechanism 20 
and the nozzle (processing solution replacing step}; 

(E) spinning the substrate; and 

(F) expelling the deaerated processing solution 
from the nozzle to the substrate to form a liquid film 

of the deaerated processing solution between the 25 
nozzle and the substrate. 

The present inventors have studied causes of 
defects produced in developing a resist. As a result, 
they found that the degree of vacuum of the deaerated 30 
process atmosphere is related to the number of defects. 
They further found the deaeration conditions success- 
fully reducing the number of defects. 

In the method of the present invention, a gaseous 
component can be removed from the developing solu- 3$ 
tion by sending the developing solution without being 
left in the deaeration mechanism. On the other hand, if 
the deaeration process time is rather long, not only the 
gaseous component but also an active ingredient con- 
tained in the liquid are removed. As a result, the con- 40 
centratlon of the developing solution changes as shown 
in FIG. 10 (exhibiting the relationship between the 
deaeration process time and the number of develop- 
ment defects). For example, when tiie concentration of 
the developing solution increases as a result of vapori- 4S 
zation of moisture components, the resultant wiring is 
obtained with an excessively narrow width. This is a 
kind of defects. Therefore, it is desirable that the deaer- 
ation process time be shorter than 24 hours. However, 
the deaeration time of the developing solution needs to so 
be longer tiian 10 minutes because if the deaeration 
time is shorter than 10 minutes, the deaeration will not 
be suffictentiy performed. 

For example, when a generally-used developing 
solution is deaerated. the pressure of one side portion ss 
of tiie gas-liquid separation membrane, (namely the 
inner pressure of the deaeration chamber), is preferably 
set at 25 to 410 Torr (-350 mmHg to -735 mmHg), and 



more preferably. 110 to 260 Torr (-500 mmHg to -650 
mmHg). As an example of the generally-used develop- 
ing solution, a 2.38 % ± 0.01 tetramethylammonium 
hydroxide (referred to as TMAH") solution may be men- 
tioned. 

As shown in FIG. 1 1 . when ttie inner pressure of tiie 
deaeration chamber (pressure of one side portion of tiie 
gas-liquid separation membrane) is higher than 410 
Torr (-350 mmHg), developing defects are produced. On 
tiie other hand, when the inner pressure reduces 410 
Torr. no defects are produced. However, if the inner 
pressure is reduced in excess of 25 Torr (-735 mmHg), 
not only the gaseous conponent but also tiie liquid 
component of the developing solution permeate through 
the gas-liquid separation membrane. As a result the 
concentration of tiie devetopng solution changes. 
Therefore, the uppermost inner pressure of tine deaera- 
tion chamber is defined 25 Torr. 

To remove various alkaline components from the 
developing solution without fail, it is more preferable that 
tiie inner pressure of tiie deaeration chamber be 
reduced further to tiie range from 1 10 to 260 Ton- (-500 
mmHg to -650 mmHg). 

The term "liquid component of the developing solu- 
tion" includes a gas dissolved in tiie processing solution 
and a gas involved in the form of air bubbles. 

As shown in FIG. 12. if ttie concentration of dis- 
solved nitrogen in ttie developing solution exceeds 25 
ppm. the development defects are frequentiy produced. 
As shown in FIG. 13. a characteristic line Q of meas- 
ured values approximates a characteristic line P of the- 
oretical values. The carrier gas pressure (atm) is 
directly propational to the concentration of the niti'ogen 
dissolved in the developing solution. 

The carrier gas (pressurized gas) falls preferably 
within the range from 0.5 to 3 kg/cm^, and more prefer- 
ably, from 0.5 to 1 .5 kg/cm^. This is because if the car- 
rier-gas pressure exceeds 3 kg/cm^. the dissolution 
amount of the gas in the developing solution will be 
excessively large and instruments attached to the 
developing-solution supply line will be easily broken. If 
tiie carrier gas pressure is smaller than 1 .5 kg/cm^ . the 
concentration of dissolved nitrogen will be lower than 25 
ppm. On tiie otiier hand, if the carrier gas pressure is 
lower than 0.5 kg/cm^ , the necessary amount of the 
developing solution will not be supplied. The necessary 
amount used herein is, for example, about 1.6 little/min. 
when the nozzle shown in FIGs. 5 and 6, and a wafer of 
8-inch diameter are used. It should be noted tfiat the 
amount of the developing solution consumed per wafer 
of S-inch is from 40 to 60 cc. 

The resist processing system according to the 
present invention comprises: 

a mounting table for mounting a substrate ttiereon; 
a nozzle for expelling a processing solution to the 
substrate mounted on the mounting table; 
a vessel for storing the processing solution; 
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pressurizing means for introdudng a pressurized 
gas into the vessel, thereby pressurizing the 
processing solution to send the processing solution 
from the vessel to the nozzle; 
a processing solution supply line provided between 5 
the vessel and the nozzle, for guidng the process- 
ing solutfon sent out from the vessel by the pressu- 
rizing means, to the nozzle; and 
a deaeration mechanism attached to the process- 
ing solution supply line, ibr separating and remov- io 
ing a gaseous component from the processina 
solution; ** 

the deaeration mechanism conprising 

an airtight chamber. ,5 
a gas-liquid separation membrane provided in 
the airtight chamber, one side portion of which 
IS communicated with the processing solution 
supply line through which the processing solu- 
tion is supplied to the one side portion. a, 
a vacuum evacuation line communicated with 
the other side portion of the gas-liquid separa- 
tion membrane. 

evacuation means for evacuating the other side 
portion of the gas-liquid separation membrane zs 
through the vacuum evacuation line, and 
a trap tank attached to the vacuum evacuation 
line, for receiving a liquid component permeat- 
ing through the gas-liquid separation mem- 
brane and leaking into the vacuum evacuation so 
line. 

The trap tank preferably conprises 

a liquid-surface detection sensor for detecting the as 
surface level of the liquid received therein, 
a pressure detection sensor for detecting'the inner 
pressure of the tank, and 

a drain line lor discharging the received liquid out- 
side. 

40 

More preferably, the trap tank further comprises 

a pressure detection sensor for detecting the inner 
pressure of the deaeration chamber, and « 
a controller for controlling the deaeration means. 

The controller controls the deaeration means on the 
basis of the detection data obtained from the aforemen- 
tioned two pressure sensors and a liquid surface detec- 50 
tion sensor. In this mechanism, the inner pressure of the 
deaeration chamber is set at a saturated vapor pressure 
or less, thereby separating and removing the gaseous 
component contained in the processing solution without 
excessively removing the liquid component 55 

Furthenrae. the controller is preferred to comprise 
a display portion for displaying the detection data and 
an alarm portion lor giving an alarm when abnormal 



data (value out of the predetermined range) is pre- 
sented. The alarm draws attention of a worker and let 
him watch the display portion, so that he knows that an 
abnormal change occurs in the developing solution 
Hence, the abnormality can be overcome. Hence, the 
substrate can be processed constantly without a sub- 
stantial change in the concentration of the developing 
solution and without process differences between sub- 

sfratoe 



The irwentfon can be more fully understood from 
the following detailed description when taken in con- 
junction with the acconpanying drawings, in which: 

FIG. 1 is a k3lock diagram schematically showing a 
resist processing system according to an embodi- 
ment of the present invention; 
FIG. 2 is a block diagram showing a deaeration 
apparatus for the developing solution used in the 
resist processing system; 

FIG. 3 is a perspective cross-sectional view sche- 
matically showing a deaeration mechanism; 
FIG. 4 Is a magnified view schematically showing a 
gas-hquid separation element of the deaeration 
mechanism for explaining a deaeration function; 
FIG. 5 is a cross-sectional view of a nozzle; 
FIG. 6 Is an orthogonal cross-sectional view of a 
nozzle taken along a VI-VI line; 
FIG. 7 is a schematical perspective view of a nozzle 
and a semiconductor wafer; 
FIG. 8 Is a f low-chart showing steps of developing 
the semiconductor wafer; 

FIG. 9 is a flow-chart showing a deaeration method 
of the developing solution; 
FIG. 10 Is a characteristic graph showing the rela- 
tionship between deaeration process time for the 
developing solution and the number of defects; 
FIG. 1 1 is a characteristic graph showing the rela- 
tionship between the degree of the reduced pres- 
sure in the deaeration apparatus and the number of 
defects; 

FIG. 12 is a characteristic graph showing the rela- 
tionship between the dissolved nitrogen concentra- 
tion of the developng solution and the number of 
defects; 

FIG. 13 is a characteristic graph showing the rela- 
tionship (by theoretical values and measured val- 
ues) between the dissolved nitrogen concentration 
of the developing solution and nitrogen gas pres- 
sure; 

FIG. 14 is a block diagram showing a deaeration 
apparatus for a processing solution (developing 
solution) according to another embodiment; 
FIG. 15 is a schematical perspective view of a noz- 
zle according to another embodiment; and 
FIG. 16 is a schematical perspective view of a noz- 
zle according to a further embodiment. 

Hereinbelow. preferable embodiments of the 
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present invention will be explained with reference to the 
accompanying drawings. 

First, a first embodiment of the present invention 
will be explained with reference to FIGs. 1 to 9. 

A developing solution 2 is stored in a main tank 1. s 
To the main tank 1. a gas bomb 3 containing a nitrogen 
gas is connected via a line 4. The line 4 is provided with 
a pressure control valve 3a. An end portion of a line 5 is 
immersed in the developing solution 2 of the main tank 
1 . The tank 1 has an inner diameter of 20-25 cm and a io 
height of about 50-60 cm. 

The middle of the line 5 is provided with an intenne- 
diate tank 6. On the outside of the Intermediate tank 6, 
for example, electrostatic-capacity sensors, namely a 
limit sensor 6a and an empty sensor 6b. are separately is 
provided. Each of the sensors 6a and 6b is connected to 
an input side of a controller 40. separately. When a 
detection signal is input into the controller 40 from each 
of the sensors 6a and 6b, the controller 40 operates the 
pressure control valve 3a on the basis of the detection 20 
data so that the surface level of the developing solution 
2 stored In the intermediate tank 6 fells within an appro- 
priate range. 

When the carrier gas (pressurized nitrogen gas) is 
supplied from the gas bomb 3 to the main tank 1 25 
through the line 4. the developing solution 2 is pressu- 
rized and sent out to a nozzle 1 2 through lines 5. 5a and 
5b. It Is preferable that the pressure of the carrier gas faW 
within the range of 0.5 to 3 kg/cm^. 

The line 5 is branched downstream of the interme- 30 
diate tank 6 into two lines 5a and 5b and merges at a 
nozzle 12. The first branched line 5a is provided with a 
flow meter 7a. a filter 8a, a water jacket 9a, a develop- 
ing-sdution deaeration apparatus 10a. and an air-oper- 
ation valve 1 1 a in that order from the upstream end. The 35 
second branched line 5b is provided with a flow meter 
7b. a filter 8b. a water jacket 9b, a developing-solution 
deaeration apparatus 10b. and an air-operation valve 
1 lb in that order from the upstream end. The filters 8a 
and 8b are desirably provided at lines 5a and 5b as far 40 
upstream as possible. This is because If the filters 8a 
and 8b are close to the nozzle 1 2. leakage of the devel- 
oping solution occurs at the nozzle 12 due to pulse 
movement. The water jackets 9a and 9b may be posi- 
tioned interchangeably with the developing solution 45 
deaeration apparatuses 10a and 10b. The developing- 
solution deaeration apparatuses 10a and 10b are con- 
nected to a controller 40. The controller 40 controls the 
operation of the developing-solution deaeration appara- 
tuses 10a and 10b to sufficiently remove the gaseous so 
component from the developing solution without signifi- 
cantly changing the concentration of the developing 
solution 2. 

The developing process portion 13 comprises a 
spin chuck 1 4, a motor 1 5 and a cup 1 6. The spin chuck ss 
14 is variably rotated by a motor 15 and has a vacuum 
adsorption mechanism (not shown) for holding a wafer 
W by adsorption. The cup 16 houses the spin chuck 14 



and has a drain passage 13a for discharging waste liq- 
uid, such as used developing solution. 

During the passage of the developing solution 2 
through the branched lines 5a and 5b. impurities and 
foreign matters are removed by the filters 8a and 8b. 
while the flow rate of the developing solution 2 is con- 
trolled by the flow-meters 7a and 7b. Since tempera- 
ture-controlled water is circulated through the water 
jackets 9a and 9b. the temperature of the developing 
solution 2 passing through the branched lines 5a and 5b 
is controlled. After the temperature is adjusted, the 
developing solutions 2 is introduced into the developing- 
solution deaeration apparatuses (deaeration mecha- 
nism) 10a and 10b, to remove a gaseous component. 
The deaeration is preferably performed under a pres- 
sure ranging from 25-410 Torr (-350 mmHg to -735 
mmHg), and more preferably, from 110-260 Ton* (-500 
mmHg to -650 mmHg). The deaerated developing solu- 
tion 2 is supplied onto the wafer W mounted on the 
chuck 14 through the nozzle 12. Hence, the coated 
resist is developed uniformly without defects. 

Next, we will explain a vacuum circuit provided in 
the developing-solution deaeration apparatuses 10a 
and 10b with reference to FIGs. 2 to 4. Since the first 
deaeration apparatus 10a is substantially the same as 
the second deaeration apparatus 10b, only the first 
deaeration apparatus 10a will be explained below. 
Explanation of the second deaeration apparatus 10b 
will be omitted. 

As shown in FIG. 2. vacuum evacuation lines 51. 
52. 53 and 54 of the developing-solution deaeration 
apparatus 10a (10b) are provided with a trap tank 21 
and an ejector 22. The trap tank 21 is communicated 
with the airtight vessel 61 of the developing-solution 
deaeration apparatus 10a (10b) through a line 51. The 
trap tank 21 is a vessel for receiving the developing 
solution 2 leaking from the developing-solution deaera- 
tion apparatus 10a through the line 51 during the deaer- 
ation operation. The bottom of the trap tank 21 is 
provided with a drain line 57. 

The trap tank 21 is provided with a liquid-surface 
detection sensor 23a and a pressure sensor 23b. The 
liquid-surface detection sensor 23a is used for detecting 
the surface level of the developing solution trapped in 
the tank 21 . The pressure sensor 23b is used for detect- 
ing the liquid contained in the tank 21. These sensors 
23a and 23b are separately connected on the input side 
of the controller 40. 

The trap tank 21 is communicated with the ejector 
22 through the line 52. The line 52 is provided with a 
stop valve 24 and a solenoid valve 25 in that order when 
viewed from the side of the trap tank 21 . The ejector 22 
is provided with a line 54 which serves for a different 
system from the system involving the trap tank 21 . The 
line 54 is communicated with an air pump 59. The line 
54 is provided with a regulator 26 for controlling a flow 
rate of a supplied air. and a solenoid valve 27. When air 
is supplied to the line 54 from the pump 59. the pres- 



ZH^!^^^''^^ 61 and the trap tank 21 are 
reducedbytheairflowihusproduced. '^'^^'^'^ 
A gauge 28 is provided between the reoulator 3*5 
and the solenoid valve 27. The gauge 28 L^^^ 
to the input side of the controller 40 

ation'^'^J" ''In ^' ''^'eloping-sdution deaer- 
ation apparatus lOa comprises an airtight vesS 
(deaeration chambeO 61. an inlet 62. an oZ e^^S 
a gas-lrquKJ separation element 64. The dieto^in^ 

S ? the same as that disclosed in the Unit^ s^e 
Patent Appircafon No. 08/579.845. To the upper afrfen 

sTscor^^.r'^ 

62 InS .h f ^^-^ber 61. The inlet 

62 and the outlet 63 are connected to developino sZ 
twn supply lines Sa (5b). waoptng solu- 

d««»«r °'^<*o' the developing solution 

d«ae«t.on apparatuses 10a and lOb is provided wt a 
vacuum swrtch 29. The vacuum s««tch 29 is Sc^wJ 
w.th a gauge 29a. The gauge 29a is conne^S tolS 
•nput side of the controller 40 """"ected to the 

connS*^f "^^h are 
connected to a display section 41 and an alarm unitdo 

separately When the detection data ^m^T^ ' 

so^ (6a, 6b. 23a. 23b. 28. 29a) ind^^tntiS, i"." 

ndicate the abnomral state and direct the alarm unit 42 
to give an alarm. As the same time, ft controls L oner 
S^S^^'^^*"^^^ v^-2?r27. 
h«J^ 93S-liquid separation element 64 is provided 

element 64 from the inlet 62 through the line 5a (Sb\ 
The developing solution2passesthLghfl^^^gas^^^^^^^ 

sreStoir s°««^*-'th'eissitd 

-SS r * """^'^ ^2 through lines 5a (5b) 
h, separation element 64 is formed of a 

•x^e o, capiHanes made of a porous film. rTCls 
fJm.andacompositefilm.A8theporousf m apyrous 

f, J made of polytetrafluoro^y,ene (?T?E)Ta 
polyolefin^eries resin isused. Asthe non-Dorousfilm « 
n«.iporous thin film made of a tetr^roS^T' f 

yiene perfluoroalkylvlnyl ether copolymer (PPA\ «r 
polytetrafhioroethylene (PTFE) is usZ Z^^ ^' 
Jim is a film formed t^LIi^^Te^^^ZZ 
the non-porous film. p"wi«.iiimana 

As shown in FIG. 4. the membrane 64a of the oas- 
jqu«l separation element 64 has a funcfioTofpe^^S- 

Vmg solutwn 2. Examples of the gaseous component 
2a permeable through me meml^ane 64a~Z? a 
nrtrooerigasmolecule. oxygen gas molecule hXeJ 

?rar;iir^^"^^-'--"-^^ 
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chanSerS?l2if " ^«'«toP'"9-»'"tion storing 
cnamber 33 defined by a side wall 31 and a bottom wall 

^"S^ ^"'""^ Chamber 33 fe 

blocked with a covering member 34. TTie porton 

5 betweenthecoveringmember34andthesidewr3^fe 

~ot r^*««--''32. aZrs^'L,!S 

S S Tl , ^ "'^ '°"9»«'inal d^ec- 

!h .III, ! 2 is supplied from the liq- 

IrfT^fST^'^ ^'"^ 'diameter 

ex.2 Rg" 8^ "^^ "^'^^ ^ ^ 

so from*f'^'^.*^^''^"°P'"9^'"«0"2tothewaferW 

as°;2:s"ss a^N^r ^^^^ 

c«b fuliows. Mrst, a Ng gas serving as a DressurijAH nae 

formed at a pressure ranging from 1 10 to 260 Torr r-soo 
?;^^^9«°:f50mmHg)iust for about 240 sSs ^(^ 
SI). Details on the deaeration process Si wi J 
d^cnbedbterv«thre.erencetothefk«.<hart^^^^^^ 

A resist is coated onto the wafer W in a resist coaf- 

Sutetuentt Jlf ■T'"'' ("°*^)- 
ouDsequently. the wafer is loaded into the deveinninn 

unit and mounted on the spin-chuck Us^lptf^ 

'nen. the air operation vaives iia anw ViK 

3). For example, assuming that 1 cc of tha h<..L«J 

so -•"«on2is.eftinthelines(5a;rbI^:,t£2 
opng-soluton deaeration apparatuses (lOa. lJb)t^ 
«ie air-operation valves (1 la. 1 lb). l cc in the air ope^ 

between the air operation valves (11a liw anrf h» 

») IS di^ensed (referred to as "dummy^iispenseT 
Instead, the deaerated developing solutioJ i^t^S 
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to the lines 5a and 5b as welt as to the nozzle 1 2. There- 
after, the air operation valves 11a and 1 lb are closed. 

Subsequently, as shown in FIG. 7, the nozzle 12 is 
positioned above in the center of the wafer W. Then, the 
nozzle 1 2 is posittoned as shown in FIG. 6 by moving up 5 
and down relative to the wafer. Thereafter, air operation 
valves (11a. lib) are opened to allow the deaerated 
developing solution to expel from the liquid expelling 
hole 38. In this manner, the liquid film of the deaerated 
developing solution is formed between the wafer W sur- io 
face and the nozzle 12. It is preferred that the expelling 
amount of the developing solution be smaller than the 
deaerated developing solution. Conversely, the amount 
of the developing solution Is preferably larger than the 
expelling amount per time unit (amount per wafer). is 

While this state is being maintained, the wafer W is 
rotated by 180" by means of the motor 15 (Step, S4). 
The developing solution is spread by the rotation of the 
wafer W. forming a liquid film of the deaerated develop- 
ing solution on the surface of the wafer W. The deaer- 20 
ated developing solution is delivered uniformly over the 
resist film which has been formed on the wafer W. Then, 
the arr-operation valves (1 la, lib) are closed. Since the 
coated resist is sufficiently exposed to the deaerated 
developing solution, the coated resist is unifomily devel- 25 
oped (Step. S5). In the developing step S5. since deaer- 
ation is performed under conditions in which the 
concentration of the developing solution is not signifi- 
cantly changed, development defects do not occur. 

In the development step 85, it is preferred that the 30 
dummy dispense be preferably performed before initia* 
tion of the processing and at predetermined intervals 
(30 minutes) for cleaning the supply lines (5, 5a, 5b). To 
attain the cleaning effectively, the amount of the dummy 
dispense is preferably 100-200 cc. which is larger than 3S 
the expelling amount per time. For example, in this 
embodiment, the amount of the dummy dispense is set 
to 150 cc, which corresponding to an overall amount of 
the expelling amount (50 cc) at normal operation and a 
deaeration amount (1 00 cc). 40 

After completion of the development, the wafer W is 
rinsed with pure water while being rotated at high speed 
(Step, S6). After rinse, the wafer W is unloaded from the 
developing unit (Step. S7). 

The deaeration operation of the developing solution 4S 
will now be explained with reference to FIG. 9. 

(1) In normal operation, the solenoid valve 25 of the 
controller 40 is left open. While this condition is 
being maintained, the controller 40 opens the sole- so 
noid valve 27, thereby supplying air to the line 54 to 
drive the ejector 22. In this manner, vacuum opera- 
tion of the chamber 61 is initiated (Step, S11). The 
chamber 61 is evacuated through the lines 51. 52, 
and 53 by the operation of the ejector 22. The inner 55 
pressure of the chamber 61 is reduced. The inner 
pressures of the chamber 61 and the trap tank 21 
are separately detected (Step. SI 2). The controller 



40 receives the pressure detection data from the 
sensors (23b, 28, 29a). The controller 40 controls 
the operation valves (1 1 a, 1 1 b), the solenoid valves 
(25. 27). a generator (regulator) 26, and the vac- 
uum switch 29 on the data thus obtained, thereby 
setting the inner pressures of the deaeration cham- 
ber 61 and trap tank 21 within the range of 1 10 to 
260 Ton". This vacuum operation is continued until 
the pressure gauge 29a of the vacuum switch 29 
reaches the uppermost value, -650 mmHg (110 
Tonr) (Step, 313). 

(2) When the pressure gauge 29a displays tine 
uppermost value, the solenoid valve 27 is closed to 
stop air supply to the ejector 22 by the controller 40. 
The vacuum operation of deaeration chamber 61 is 
terminated (Step. Si 4). 

(3) As the deaeration of the developing solution pro- 
ceeds in the chamber 61 , the value displayed by the 
gauge 29a of the vacuum switch 29 gradually 
increases. The inner pressures of the deaeration 
chamber 61 and the trap tank 21 are separately 
detected (Step, SI 5). The vacuum (deaeration) is 
continued until the display of the pressure gauge 
29a of the vacuum switch 29 reaches the lowermost 
value, -500 mmHg (260 Torr)(Step. SI 6). 

When the pressure gauge 29a displays ttie 
lowermost value, the controller 40 opens ttie sole- 
noid valve 27 to drive the ejector 22 again. The 
operation of the ejector 22 is continued until the 
gauge 29a of tiie vacuum switch 29 reaches ttie 
uppermost value. -650 mm Hg (110 Torr) (Step. 
S11). 

(4) Thereafter, the procedures (2) and (3) are 
repeated. 

if the deaeration of the developing solution is 
repeated in this way. a small amount of the lk:|uid com- 
ponent permeates through the membrane of the gas- 
liquid separation element 64a and leaks into tiie vac- 
uum evacuation line 51 . However, the leaked liquid con- 
taining a liquid component Is received by the trap tank 
21, so ttiat the lines 52. 53, and 54 located downstream 
of the tank 21 are not contaminated with the leaked liq- 
uid component. The liquid component leakage is accu- 
mulated in the trap tank 21 and the \\qut6 surface 
increases. The controller 40 monitors the surface level 
of the liquid in the trap tank 21 by use of the liquid sur- 
face detecting sensor 23. When the liquid surface 
reaches a preset level, the controller 40 closes the sole- 
noid value 25, thereby terminating the vacuum opera- 
tion of ttie chamber 61 ttirough lines 51 to 53. 
Subsequently, the controller 40 opens a valve 57a to 
discharge tiie jiquid of the trap tank 21 to the drain line 
57. The controller 40 furttier opens the solenoid valves 
25 and 27 to drive the ejector 22. In this way. ttie deaer- 
ation of the developing solution is started again. 

Since the vacuum evacuation line 51 is communi- 
cated witti the drain tine 57 of ttie trap tank 21. leakage 
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iMAH (tetramefhylamiTionium hydroxide) acting as an 
aclive agent of the deve/opng solution leaksin ,he 
uum evacuation line 51. the leakage will St affeJt 
vacuum evacuating means (22. i. 27 S %TZ ' 
evacuatton capacity will not decrease. ' 

m.„f S "^^''^'^O" apparatus of another emtxxli- 
ment w.11 be explained with reference to FIQ l4UkL 

Remand any further explanatonisomittedfbrbre^s 

tinn '," ^f'P^- 'f^e vacuum evacua- 

tion l,ne 53 posrtioned downstream of the deaerafon ,5 

Waratus ,s connected directly to a suction side oU 

d ect^y by the vacuum pump 30 via the vacuum evacu- 
ation hnes (51 to 53) in the deaeration appTtuTthe 
evacuation capacity will increase. FurtharTe h« 

m thl ^ T'"*'"^ P""^ 30 fro™ suck 

<ng the liquid component leakage the evamai^ 
capacity will not decrease evacuation 

byus?ofZSr°'j'"''^'^*"''«'«''^"9«''"*ton 
t>y use of the deaeration mechanism is as follows: 
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detwted(Step.Sl5). The vacuum operation iscon- 
*nued until the pressure gauge 29a of the vacuum 

(«sii6r"^*^"^'-^^^ 

-errtrue^r^n^.^^^^^ 
uum pump 30 again. The operation of the vacuum 
pump 30 IS continued until the gauge 29a of the 

SsZiS^JS ? "^"^ value. 

735 mmHg (25 Torr)(Step, Si 1) 

(4) Thereafter, the aforementtoned procedures (2) 
and (3) are repeated. 



(1 In normal operation, the controller 40 keeps the 
so^enorf valve 25 open. While this condS, is 
l^ing maintained, a vacuum pump 30 is Sen by ^ 
teconJroIler40.lnthisway,the^^^^^^ 

S S tJT'*'°" initiatS(Step, 
thl i ! "''^ 61 « evacuated by 

51 TSr.?^' ^ 30 through lines 

eiis^edut? ''''""^'''^"^"'"'^*^"*^^ ^ 
61 «!i*iTT''''^'''*°'*''**aeralionchamber 
^ep. S12). When the controller 40 receives the 

pressure detection data from the sensors 23b. 28 4o 
and 29a. it controls the inner pressures of the 
deaeration chamber 61 and the trap tank 21 ty use 

valve 25. and vacuum switch 29 so that they fall 
wrthin the range of 25 to 410 Torr The vaTuun^^ « 
2)erat.on is continued until the pressure gauge 29a 
of the vacuum switch 29 reaches the ^ermost 
value. -735 mmHg (25 Torr) (Step S13) 
(2) When the pressure gauge 29a displays the 

^ of the vacuum pump 30. In this manned the 
vacuum operation of the deaeration chamber 61 is 
terminated (Step. Sl4). 

developing solution pro. 

gaute'iofr'''''^'"^''^^^^ « 
gauge 29a of the vacuum switch 29 gradually 

«^er 61 and the trap tank 21 are separately 



hiah^«!?,3 °" niechanism of this embodiment, a 
Sfl !^ f """" " effective 
deaeraton Consequently, the gaseous conponem 
«nta^«l . the developing solution can be sZ^ 

High-resolution resists coated on 8-inch wafers W 
were actually developed by using the developTi^^iJ^ 

and the developing solution deaerated by a conven 
jona method. Both the resists were <^>^^7or 
lSr7^'^"^ ^^•^e'^^'s.inpr^ifn^: 
latter by 70 % or more, with respect to the defects 

the developing solution expelling nozzle a 
stream type nozzlesi (shown in FIQ^S) or a mSmJ 
;°«^J2 (shown in FIG. 16) formed of a 

n«z es 81 and 82 are moved from one side porton to 
bCS.'""^""''^'^'^^"'^''«'''«^'-VVfe 

In practice, the developing solution 2 is suDolied to 
JiewaferWby the stream type nozzlesi ^TSt^ 
5j>e nozzle 82 as follows: First, a gas isXfS 
.nto the ank 1 through the line 4. the ^s^Zg ^ 
he dev^opinfl solution 2 from the tank 1 to 

m^"'"^"'' "^''^ "a and m 

at«it'^hT'"?' 2 is deaer- 

'"j^f^«'«'oping-solution deaeration apparatuses 
10a arnf 10b at a saturated vapor pressureTTi fS 

srsS;:^"'^-"""-"^-^^-^)- 

lin^'^l"' *i;^«"^"9 solution present in the supply 
to^es 5a and 5b is discharged, the deaerated deveS 
solujon IS newly supplied in place of the disc^S 
so^ubon. -nie replacement of the developing solutbS 

IZ u P'^^"* *® supply lines (5a. 5b) 
between the developing-solution deaeration appara 
J^es 10a. 1 0b) and a nozzle (81 or 82). The air^a- 
ton valves 1 la and 1 lb are closed 

tenr?^' "^""^ °' positioned at a dis- 
expelled from the nozzle (81 or 82) onto the center of 
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the wafer. The wafer W is allowed to rotate while the 
developing solution is expelled out. The nozzle (81 or 
82) is redprocaiiy moved relative to the wafer W. It is 
preferable that the expelling anrK)unt of the developing 
solution be smaller than that of the deaerated solution. $ 
Conversely, the amount of the developing solution to be 
deaerated is preferably larger than the expelling amount 
per time unit. 

Thereafter, the air operation valves (11a. lib) are 
closed. In this manner, the coated resist is developed io 
with the deaerated developing solution. 

In the aforementioned embodiments, a semicon- 
ductor wafer is used. However, the present invention is 
not limited to the semiconductor wafer and an LCD sub- 
strate may also be used. is 

As explained above, the resist processing method 
of the present invention is one performed by supplying a 
processing solution on the surface of a substrate. Since 
the process solution employed in the present invention 
is deaerated within a saturated pressure of the process- 20 
ing solution for at least 15 seconds, the gaseous com- 
ponent contained in the processing solution can be 
sufficiently removed. Hence, the resist can be proc- 
essed without defects. 

25 

Claims 

1. A resist processing method for introducing a pres- 
surized gas into a vessel (1) storing a processing 
solution (2). sending the processing solution (2) 30 
from the vessel (1) to a nozzle (12) by way of a sup- 
ply line (5. 5a, 5b) by means of the pressurized gas, 
and supplying the processing solution (2) from the 
nozzle (12) to a substrate (W). 

said method characterized by comprising 35 
the steps of: 

(a) providing a deaeration mechanism (10a, 
1 0b) to the supply line, said deaeration mecha- 
nism having a gas-liquid separation membrane 40 
(64, 64a) and a vacuum evacuation line (51 - 
53); 

(b) introducing the pressurized gas into the 
vessel (1) to send out the processing solution 

(2) from the vessel into one side portion of said 45 
gas-liquid separation membrane (64. 64a) 
through the supply line (5a. 5b); 

(c) evacuating the other side portion of the gas- 
liquid separation membrane (64. 64a) through 
said vacuum evacuation line (51) to set the so 
pressure of the other side portion of the gas-liq- 
uid separation membrane (64R, 64a) within a 
saturated vapor pressure of said processing 
solution (2). permitting a gaseous component 
(2a) dissolved in the processing solution (2) to ss 
migrate from said one side portion to the other 
side portion, thereby removing the gaseous 
component (2a) from said processing solution 



(2) before the process solution (2a) is supplied 
to the substrate (deaeration step): 

(d) discharging the processing solution (2) 
present in the supply line (5a. 5b) between said 
deaeration mechanism (10a. 10b) and the noz- 
zle (12). and introducing the processing solu- 
tion (2) deaerated in said deaeration step (c) 
into the supply line (5a. 5b) between the deaer- 
ation mechanism (10a, 10b) and the nozzle 
(12) (processing solution replacing step); 

(e) supplying the deaerated processing solu- 
tion (2) to the substrate (W) by expelling said 
deaerated processing solution (2) from the 
nozzle (12); and 

(f) rotating the substrate relative to the nozzle 
to form a liquid film of the deaerated processing 
solution (2) between the nozzle (12) and the 
substrate (W). 

2. The method according to claim 1 , characterized in 
that said step (c) comprises starting evacuation of 
the other side portion of the gas-liquid separation 
membrane (64. 64a) through the vacuum evacua- 
tion line (51 - 53), detecting a pressure of the other 
side portion of the gas-liquid separatton membrane 
(64. 64a) as a first detection pressure, stopping 
evacuation of the other side portion of the gas-liquid 
separation membrane (64, 64a) when the detection 
pressure reaches an uppermost value within a 
range of a predetermined degree of vacuum, again 
detecting a pressure of the other side portion of the 
gas-liquid separation membrane (64, 64a) as a sec- 
ond detection pressure, starting evacuation of the 
other side portion of the gas-liquid separation mem- 
brane (64, 64a) when the second detection pres- 
sure reaches a lowermost value within a range of a 
predetermined degree of vacuum. 

3. The method according to daim 2, characterized in 
that said uppermost value within a range of a pre- 
determined degree of vacuum is 25 Torr and said 
lower most value within a range of a predetermined 
degree of vacuum is 410 Torr. 

4. The method according to daim 2, characterized in 
that said uppermost value within a range off a pre- 
determined degree of vacuum is 1 10 Ton* and said 
lower most value within a range of a predetermined 
degree of vacuum is 260 Torr. 

5. The method according to claim 1 , characterized in 
that, in said step (b). a pressure of the pressurized 
gas falls within a range from 0.5 to 3 kg/cm^. 

6. The method according to daim 1. characterized in 
that, in said step (e), an amount of the processing 
solution (2) expelled from the nozzle (12) is smaller 
than that deaerated by the deaeration mechanism 
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j^-^etfioj according to claim 1. characterized in 
that in saKl step (e). an arrrount of the procSna 
solujon (2) ,0 be deaerated by the 5 
mechan.sn, (lOa. 10b) is larger L .h^?S 
for processing one substrate (W). 

that said gas-liquid separaton membrane (64 64a) io 

«c«j^ajed Of a Plurality Of capillaries iS^dfS 
^ne Of a poious film, a nonix)rous fim. and a 

^' i!!l!^?'^''^'*""9*°^^'"8.cha,acterizedin ,5 
tt«t^d porous film is a porous thin film made of 

SnL is a non-porous 

tt»nf-mmadeofaietrafluoroethylene • heiluor 
opropylene copolymer (FEP). a tetraf luoroelhylene a, 

yteto^liwroethylene (PTFE); and said composite 
porous film and a non-porous film. 

that sad processing solution (2) is a develooino 

strata the pressurized gas is a nitrogen gas- and in 
sari deaemtion step, an amount of a dis^SJ'Jd so 

mat said developing solution (2) is an aqueous 35 

solution ™° y®ssel (1) Storing a processing 
^^^- ^"^ processing solution (2) 

Piy line (5. 5a, Sb) by means of the pressurized oas 
nozzle (12) to a substrate (W), 

^''•'■ss's* Pressing method characterized 
by comprising the steps of: ^"araaerized 

Sniw'^.*"^ ^ deaeration mechanism (lOa 
10b) to the supply line (5. 5a. 5b). said deaera- so 

^mechanism (lOa. 10b) having a gas.|iquW 

sepaiafion membrane (64. 64a) and a vacuum 
evacuation line (51 -53); 

* pressurized gas into the ves- 
!i?''T'*^«'«P'«=^«ngsolutionfromthe S5 
ve^elinto one side portion of said gas-liquid 
separation membrane through the supply line 

(C) evacuating the other Side portir,J s2d 



gas-liquid separation membrane (64. 64a) 
through said vacuum evacuation line (51 - 53 

S/ir." "'f °' potion of 

me gas-iiquid separation membrane (64 64ai 

«««i|n a saturated vapor pressure of' saw 
P^cessing solution (2). permitting a gaseous 

«n^nent (2a) dissolved in the'prl^esSS 
solution to migrate from said one side portion 
to ttie other side portion, thereby removing the 
gaseous component (2a) from said processing 
sjjirtion 2) before the solution (2) is supplied to 
the substrate (W) (deaeration step); 
(D) discharging the processing solution (2) 
Prwentin the supply iine(5a,5b)between said 

r«f ""^^^"'"^ ■•O") ^"^ ^ 
i L '"''«*"°"9 ♦he processing solu- 

.ri^ ^T"^ step (C) 

into the supply line (5a. 5b) between the deaer- 
atK,n mechanism (lOa, lob) and the nozzle 
12) (processing solution replacing step)- 
(E) spinning the substrate (W)- and 

(2) from the nozzle (12) to the substrate (W) to 
form a liquid film of the deaerated processL 

Til" (12)^i^i2 
substrate (W). / anu me 

Se oth^r i,?.^ ^ f^"*"^ ^^'"9 «^cuation of 
the other side portion of the gas-liquid seoarafinn 
membrane (64. 64a) throughL valm^J^ 

I^ri^f \«)-^«t«*n9apressurerthtS:r 
«de port««i Of the gas-liquid separation membrane 
(64. 64a) as a first detection pressure stoDoino 

e^uationoftheothersideportionofth gaSSS 
serration membrane (64. 64a) when the TrS 
detection pressure reaches an uppermost vaS 
w-thin a range of a predetermined d^^Te of^" 
uum. again detectng a pressure of the Zer Se 
portion Of the gas-liquid separation membl % 

^n Tl'^''^'^'^ Pressure, starting J^c^ 
"aton of the other side portion of the gas-liquid 
se^raton membrane (64. 64a) v^en thS IZ^ 
deletion pressure reaches a lowermost 

a range of a predetermined degree of vac 

''""'""^ Characterized in 

ftatsa^d uppermost value within a range of a pre- 

k^ermost value within a range of a predetermined 
degree of vacuum is 410 Torr. 

15. The mettiod according to daim 13. characterized in 
said uppermost value within a range of a pr " 

^er mwt value within a range of a predetermined 
degree of vacuum is 260 Torn '«niineo 
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16. The method according to claim 12. characterized in 
that, in said step (B), a pressure of the pressurized 
gas falls within a range from 0.5 to 3 kg/cm^. 

17. The method according to claim 12, characterized in 
that, in said step (E). an amount of the processing 
solution expelled from the nozzle is smaller than 
that deaerated by the deaeration mechanism. 

18. The method according to claim 12. characterized in 
that, in sad step (E). an amount of the processing 
solution (2) to be deaerated by the deaeration 
mechanism (I0a. 10b) is larger than that required 
for processing one substrate (W). 

1 9. The method according to claim 12. characterized in 
that said gas-liquid separation membrane (64. 64a) 
is constituted of a plurality of capillaries made of 
any one of a porous film, a non-porous film, and a 
composite film. 

20. The method according to claim 19. characterized in 
that said porous film is a paous thin film made of 
polytetrafluoroethylene(PTFE) or a polyolefin- 
series resin; said non-porous fim is a non-porous 
thin film made of a tetrafluoroethylene • hexaf luor- 
opropylene copolymer (FEP), a tetrafluoroethylene 
• perfiuoroalkylvinyl ether copolymer (PFA). or pol- 
ytetrafluoroetfiylene (PTFE); and said composite 
film is a composite film made by combining the 
porous film and the non-porous film. 

21 . The method according to claim 12. characterized in 
that said processing solution (2) is a developing 
solution for developing a resist coated on the sub- 
strate; the pressurized gas is a nitrogen gas; and, in 
said deaeration step, an amount of a dissolved 
nitrogen gas (2a) in the developing solution (2) is 
set at 25 ppm or less. 

22. The method according to claim 21 , characterized In 
that said developing solution (2) Is an aqueous 
solution containing 2.38 ±0.01% tetramethylammo- 
nium hydroxide. 

23. A resist processing system characterized by com- 
prising: 

a mounting table (14) for mounting a substrate 
(W) thereon; 

a nozzle (12) for expelling out a processing 

solution (2) to the substrate (W) mounted on 

the mounting table (14); 

a vessel (1) for storing the processing solution 

(2); 

pressurizing means (3. 3a. 40) for introducing a 
pressurized gas into the vessel (1), thereby 
pressurizing the processing solution (2) to 



send the processing solution (2) from the ves- 
sel (1) to the nozzle (12): 
a processing solution supply line (5. 5a. 5b) 
provided between the vessel (1 ) and the nozzle 

s (12). for guiding the processing solution (2) 

sent out from the vessel (1) by said pressuriz- 
ing means (3, 3a, 40). to the nozzle (12); and 
a deaeration mechanism (10a. 10b) attached 
to said processing solution supply line (5a. 5b). 

10 for separating and removing a gaseous compo- 

nent (2a) from the processing solution (2); 

said deaeration mechanism (10a, lOb) 
comprising 

15 an airtight chamber (61), 

a gas-liquid separation membrane (64. 
64a) provided in the airtight chamber (61), 
one side portion of which is communicated 
with said processing solution supply line 

20 (5a. 5b) through which said processing 

solution is supplied to said one side por- 
tion. 

a vacuum evacuation line (51 - 53) com- 
municated with the other side portion of 
25 the gas-liquid separation membrane (64. 

64a). 

evacuation means (22. 26 - 27. 30. 40. 54. ' 
59) for evacuating the other side portion of 
the gas-liquid separation membrane (64. 
30 64a) through the vacuum evacuation line. 

(51 -53). and 

a trap tank (21) attached to the vacuum 
evacuation line (61 - 53), tor receiving a liq-- 
uid component permeating through the 
35 gas-liquid separation membrane (64. 64a): 

and leaking into the vacuum evacuation- 
line (51). 

24. A system according to claim 23. characterized in 
40 that 

said evacuation means comprises 

an ejector main body (22) communicated with 
the vacuum evacuation line (53). 
45 another line (54) communicated with the ejec- 

tor main body (22). and 

fluid supply means (59) for sending a fluid to 
saki another line (54), thereby reducing pres- 
sure of the vacuum evacuation line (51 - 53). 

so 

25. The system according to claim 23. characterized in 
that said evacuation means is a vacuum punnp (30) 
which is communicated directly with the vacuum 
evacuation line (51 - 53). for reducing pressure in 

55 the vacuum evacuation line (51 - 53). 

26. The system according to claim 23. characterized by 
further comprising an intermediate tank (6) 
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attached to the processing solution supply ine ffil 

( Oa. 10b). for temporarily storing the 
P^ng solutbn (2) before the pJocessing'sJ^u 

further comprising a sensor (6a. 6b) for detain! 

K contrSrr*'*'"^ 

IT hf K pressurizing means (3 3a) 

S:S(r65"^^«^-'-' detected i'^j 

2aThesy«emaccording,ocla,m23.cha«cterizedin " 

«ce level detection sensor (23a). a pressure detec 
tion sensor (23b) for detecting an inner 
thejBptank(21).andadrainline(57MoTSm 
"J^the received liquid component LLge SZ 

, *® conprising a controller 

(40) for controlling the evacuation mLnsTgllm 

S^ifrj?"' t23a) and the 

pressure detection sensor (23b). 
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29. TT^'esystemacco«lingtoclaim23. characterized bv 
Slbr'S?'"^ ^P'^-e deteCioTse^ 
erfL^f!^'"^ ^" """^^ P'^"fe of a chamber 
(61)0 thedeaerationmechanismdoa, lOblanda 

s^;^re^:;^s;^t^^t 

is 5f ^1? '"^"^'"S 0' 27. 28 

31.7hesy^emacco.dingfoclaim23.cha«cterizedin « 

said vacuum evacuation line (52 - 54) has a 
^^v^ (24) a fi^t solendd valvi (25). an^L 
tor (22 . a regulator (26). a gauge (28). and a sec- 
ond solenoid valve (27) 

so 

32. J^«systemacco«fingtoclaim23.cha,acterizedin 

k~ -u^'" P^«=essing solution supply line iS\ i<s 
branched, each branched line fSa a/h-lV 
nwrikated wiihthe nozzle 02) ^ 

33. Thesystemaccordingtoclaim23.chaiacterizedin 
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that 

lidaMc!? Sf^''""'" separation membrane (64 

Stnrone"S»*''''''''"^«'''y'^'^'^^^^^^^ 
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